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Abstract 
To determine the flight path of a discus when it is thrown, it is essential to know what aerodynamic forces are acting 
on it. However, little data on this is available. Employing a full-size model in a wind tunnel, we have measured the 
aerodynamic forces acting on a discus spinning on its transverse axis, as well as on a ‘non-spinning’ discus. The 
aerodynamic force data (drag, lift and pitching moment) were obtained to create an ‘aerodynamic database’. These 
forces are given as functions over practical ranges of the angle of attack, the spin rate and the wind speed. It was 
found that the stalling angle was about 30q, and that the lift coefficient increased linearly with increasing angle of 
attack up to the stalling angle. The estimated lift coefficient obtained by the vortex lattice method agrees with the 
experimental data within a standard deviation of 0.08. It was observed by oil flow and smoke observation methods 
that a pair of longitudinal vortexes occur from the ‘pressure side’ to the ‘suction side’, similar to wing-tip vortices. 
These longitudinal vortexes prevent flow-separation up to a high angle of attack, around 30q. The drag coefficient 
increases with increasing angle of attack up to the stalling angle, and it decreases slightly around the stalling angle, 
corresponding to a significant and abrupt decrease in lift at the same angle. The coefficient of the pitching moment is 
almost positive, which is the case with ‘nose-up’ rotation. There is little difference between the aerodynamic 
coefficients whether the discus is spinning or not. 
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1. Introduction  
There has been much research on the discus in which the aerodynamics have played a key role [1, 2]. 
Ganslen [3] pointed out that the discus is merely a wing with an aspect ratio of 1. His tests were carried 
out in a speed range of 17-29ms-1. He suggested that after stalling the drag coefficient does not increase at 
a continuing rate because the induced drag decreases as the lift drops. The stalling angle in that work was 
between 26 and 29q. Tutjowitsch [4] carried out wind tunnel tests on a non-spinning discus. The stalling 
angle in [4] was slightly larger (30-40q) than that reported by Ganslen. The drag coefficient in 
Tutjowitsch's experiment decreased with increasing angle of attack beyond the stalling angle. In principle, 
the aerodynamic coefficients are very sensitive around the stalling angle, so that the deviation becomes 
large and it is necessary to repeat the experiments to get accurate results. Because we have an automatic 
feed-back system installed in our wind tunnel we are able to get good measurement of the aerodynamic 
forces at fine intervals of the angle of attack and wind speed. Moreover, both a non-spinning discus and 
one spinning on its transverse axis were tested. 
The primary objective of this study is to construct an aerodynamic database for the discus including 
the effect of aerodynamic stalling.  We measured the aerodynamic forces acting on a full size model in a 
wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind 
speed, respectively, sufficient for these to be applied to in flight optimization studies.  
2. Methods 
2.1. Force measurement 
A full-size discus was employed to determine the aerodynamic forces acting on it in a low-speed wind 
tunnel with a 0.7 m × 0.7 m rectangular nozzle (Figure 1). We used a commercially available discus 
(Super HM, Nishi athletics goods). The spin was delivered to the discus from a motor (AXU425A-GN, 
Oriental motor) via pulleys. The wind speed, U, was set to 20, 25 and 30 ms-1. The spin rate on the 
transverse axis was set at Ȧ=0 (non-spin), 0.3, 0.5, 1, 3, 7 revolutions per second, respectively. The angle 
of attack, D, which is the angle between the plane of the discus and the direction of the flight path, was 
also varied, from 0 to 90q (Figure 2). The measurement interval for D was 1q around the stalling angle 
and 5q for the remainder of the range. Data were acquired over a period of 8.192 sec. (due to the reason 
for FFT, though no FFT data will be shown in this paper. The number of data are 8,192=213) using a 
three-component strut-type balance (LMC-3531-50NS; Nissho Electric Works Co., Ltd.) and were 
recorded on a personal computer using an A/D converter board with a sampling rate of 1000 Hz. 
Definitions of the aerodynamic forces are shown in Figure 3. The drag and the lift are denoted by D and 
L, respectively, and the pitching moment is denoted by M. The nose-up rotation is defined as positive. 
The aerodynamic forces are converted into the drag coefficient CD, the lift coefficient CL and the pitching 
moment coefficient CM, as follows: 
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where U is the density of air, A is the cross sectional area of the planform of the discus and d is the 
maximum diameter of the discus. 
 
 
 
Fig. 2. Definitions of parameters
 
Fig. 1. Experimental set-up. Woman's discus Fig. 3. Definitions of aerodynamic forces 
2.2. Visualization 
Smoke observation was carried out at a low wind speed of 2.6 ms-1 in order to avoid dissipation of the 
smoke, although the Reynolds number was only one-eighth of that in a practical case. Particles with 
diameters of 0.3-1ȝm were generated by a smoke generator (Model 8304, KANOMAX), and were 
introduced into the flow from the upstream side of the bell-mouth of the wind tunnel. 
Oil flow observations were carried out at a wind speed of 30 ms-1. For this observation, the discus was 
spray painted with black paint. The oil, which was composed of liquid paraffin colored white with 
titanium oxide and oleic acid, was painted onto the discus with a brush before exposure to the wind. Once 
the wind started to blow, a pattern appeared on the surface. 
3. Experimental Results 
3.1. Force Measurements 
The aerodynamic force coefficients as a function of D are shown in Figure 4. The standard deviations 
are also shown as error bars. These are for a woman's discus at 7 revolutions per second. The wind speed 
is taken as a parameter. It can be seen that the aerodynamic force coefficients depend on D, but that there 
is little difference between them for wind speeds in the range from 20 to 30 ms-1. The drag and lift 
coefficients, CD and CL, increase with increasing D up to a stalling angle of 30-32q. Beyond the stalling 
angle, CL decreases suddenly and abruptly with increasing D. This stall is due to leading edge separation 
due to the curvature of the leading edge of the discus being too small. Since the induced drag coefficient 
is proportional to the square of CL [5], CD also decreases just beyond the stalling angle. The linear 
relationship between CL and D up to the stalling angle can be predicted by the vortex lattice method 
(VLM) [5] within a standard deviation of 0.08. The pitching moment coefficient, CM, is positive over 
almost the whole range. It was reported that the dependence of CM on D was approximately linear in the 
range 0q<D<25q [6]. The slope of the pitching moment curve near D=0q in Figure 4 is 0.28, which is 
smaller than the value of 0.41 in ref. [6]. The largest value of CM appears at a value of D less than the 
stalling angle. The irregularities (standard deviations) more than the stalling angle are dramatic. 
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The aerodynamic coefficients as functions of the spin rate, S, are shown in Figure 5. The spin rate is 
defined in Equation (3). The angle of attack and the wind speed are taken as parameters.  
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It can be seen that there is also little difference between CD and CL with respect to S and the wind 
speed, though CD at S=0 is slightly larger than CD at higher values of  S. The lift coefficient CL at S=0 is 
smaller than those at higher values of S at 40q, which is larger than the stalling angle. Therefore, the 
larger CD at S=0 beyond the stalling angle is caused not by the induced drag, but by the pressure drag. 
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Fig. 4. Aerodynamic coefficients as functions of the angle of 
attack at 7 revolutions per second. Woman's discus 
Fig. 5. Aerodynamic coefficients as functions of the spin 
parameters at three speeds (20, 25 and 30 ms-1) and two angles 
of attack (25q and 40q). Woman's discus 
3.2. Visualization 
Figure 6 shows oil flow observations on the suction side at 10, 25, 29 and 35q, respectively. This is the 
non-spinning case at 30 ms-1 for a woman's discus. The direction of the wind is from left to right. It can 
be seen from Figure 6-(d) that the white liquid paraffin remains on the surface just as it was in the 
brushed state before exposure to the wind. This means that boundary layer separation occurs at 35q. At 
10q, Figure 6-(a), a white area can be seen around the leading edge, and a dark area can be seen on the 
downstream side of this white area. This white area signifies leading edge separation, while the dark area 
means that there is a flow which blows the liquid paraffin away. Since the thickness of the discus 
increases from the leading edge to the center, the wind speed should increase in this region. It can be 
reasoned that there is a relatively high speed flow which gives a large gradient of the velocity 
perpendicular to the surface. The dark area is located on the upstream side of the discus. Since the dark 
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area is in front of the center of mass, the pitching moment becomes positive (nose-up rotation) at 10q. At 
25q, Figure 6-(b), the dark area increases, so that CL and CM become larger (Figure 4). At 29q, Figure 6-
(c), the dark area has almost disappeared. 
The smoke observations are shown in Figures 7 and 8. Figure 7 shows observations on the suction side, 
while Figure 8 shows views of the downstream side. Both are for U=2.6 ms-1, Ȧ=0.83 revolutions per 
second, where the spin rate of 0.18 is equivalent to the U=22 ms-1 at Ȧ=7 rev./sec. The small oscillations 
in smoke trails can be seen in Figures 8-(a). These are due to the oscillations of the compressor and the 
smoke generator. It can be seen from Figure 7 that the smoke lines converge on the downstream side, and 
become mixed when D is 29 or 35q. In Figure 8 a pair of longitudinal vortexes occur from the ‘pressure 
side’ to the ‘suction side’, similar to wing-tip vortexes. These longitudinal vortexes prevent flow-
separation up to a high angle of attack, around 30q. At 10 and 20q (Figures 8-(a) and (b)), there are smoke 
lines along the center line as well as the pair of longitudinal vortexes. However, the smoke line at the 
center disappears at 29q (Figure 8-(c)). The angle of attack of 29q is the limit for the smoke line to be 
visible at the center. Since the longitudinal vortexes from both sides merge for D greater than 29q, the 
smoke becomes disordered as shown in Figures 7-(c) and 7-(d). 
 
 
(a) D=10q (b) D=25q (c) D=29q (d) D=35q 
Fig. 6. Oil flow observations on the suction side at 30ms-1. Woman's discus. 0 revolutions per second 
 
(a) D=10q (b) D=20q (c) D=29q (d) D=35q 
Fig. 7. Smoke observations on the suction side at 2.6 ms-1. Woman's discus. 0.18 revolutions per second (S=0.18) 
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(a) D=10q (b) D=20q (c) D=29q (d) D=35q 
Fig. 8. Smoke observations on the downstream side at 2.6 ms-1. Woman's discus. 0.18 revolutions per second (S=0.18) 
4. Summary 
We constructed an aerodynamic database for the discus, and the following results were obtained. 
 
x The aerodynamic force coefficients depend on the angle of attack. 
x There is little dependence of the aerodynamic force coefficients on wind speed and spin rate in the 
practical range. 
x The stalling angle is around 30q. 
x The drag coefficient decreases slightly just beyond the stalling angle because of the decrease in 
induced drag.  
x The lift coefficient decreases abruptly and significantly at stalling angle. 
x The relationship between the lift coefficient and the angle of attack can be reliably estimated by the 
vortex lattice method up to the stalling angle. 
x The pitching moment is positive (nose-up rotation) up to the stalling angle. 
x A pair of longitudinal vortexes occur from the ‘pressure side’ to the ‘suction side’, similar to wing-tip 
vortexes. These longitudinal vortexes prevent flow-separation up to a high angle of attack, around 30q. 
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